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(57) ABSTRACT

Method of forming a capture pad on a semiconductor sub-
strate. The method includes providing a semiconductor sub-
strate having an active side and an inactive side and having a
plurality of unfilled TSVs extending between the active side
and the inactive side; filling the TSVs with a metal; defining
capture pad areas on at least one of the active side and the
inactive side adjacent to the TSVs, the defined capture pad
areas comprising insulator islands and open areas; filling the
open areas with the same metal to form a capture pad in direct
contact with each of the TSVs, each of the capture pads
having an all metal portion that follows an outline of each of
the TSVs.
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ENHANCED CAPTURE PADS FOR
THROUGH SEMICONDUCTOR VIAS

RELATED APPLICATION

[0001] The present application is a division of U.S. patent
application Ser. No. 13/670,694, entitled “ENHANCED
CAPTURE PADS FOR THROUGH SEMICONDUCTOR
VIAS?”, filed Nov. 7, 2012, the disclosure of which is incor-
porated by reference herein.

BACKGROUND

[0002] The present exemplary embodiments relate to semi-
conductor substrates that have through silicon vias and, more
particularly, relate to the formation of capture pads in contact
with the through silicon vias that enhance the current spread-
ing ability of the capture pad.

[0003] Three-dimensional (3D) stacking of semiconductor
chips promises higher transistor densities and smaller foot-
prints of electronic products. 3D stacking is a single package
containing a vertical stack of semiconductor chips which are
interconnected by means of through silicon vias (TSVs). 3D
stacking based on TSVs offers the benefits of more function-
ality, higher bandwidth and performance at smaller sizes,
alongside lower power consumption and cost, even in an era
in which conventional feature-size scaling becomes increas-
ingly difficult and expensive. TSVs provide an electrical con-
nection from the active front-side (face) of a semiconductor
chip through the semiconductor substrate to the back-side of
the substrate. TSVs allow a semiconductor chip or wafer to be
vertically interconnected to another semiconductor chip or
wafer. TSV also allow the interconnection of multiple verti-
cally stacked semiconductor chips or wafers with each other.

BRIEF SUMMARY

[0004] The various advantages and purposes of the exem-
plary embodiments as described above and hereafter are
achieved by providing, according to a first aspect of the exem-
plary embodiments, a method of forming a capture pad on a
semiconductor substrate which includes: providing a semi-
conductor substrate having an active side and an inactive side
and having a plurality of unfilled through silicon vias (TSVs)
extending between the active side and the inactive side; filling
the TSVs with a metal; defining capture pad areas on at least
one of the active side and the inactive side adjacent to the
TSVs, the defined capture pad areas comprising insulator
islands and open areas; and filling the open areas with the
same metal to form a capture pad in direct contact with each
of the TSVs, each of the capture pads having an all metal
portion devoid of the insulator islands that follows an outline
of'each ofthe TSVs and a mixed portion comprising insulator
islands dispersed in the metal.

[0005] According to a second aspect of the exemplary
embodiments, there is provided a method of forming a cap-
ture pad on a semiconductor substrate which includes: pro-
viding a semiconductor substrate having an active side and an
inactive side and having a plurality of unfilled through silicon
vias (TSVs) extending between the active side and the inac-
tive side; filling the TSVs with a metal; defining capture pad
areas on at least one of the active side and the inactive side
adjacent to the TSVs, the defined capture pad areas compris-
ing insulator islands and open areas; and filling the open areas
with the same metal to form a capture pad in direct contact
with each of the TSVs, each of the capture pads having a TSV
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outline portion that follows an outline of each of the TSV, at
least part of each of the TSV outline portions being an all
metal portion that follows the outline of each of the TSVs.

BRIEF DESCRIPTION OF SEVERAL VIEWS OF
THE DRAWINGS

[0006] The features of the exemplary embodiments
believed to be novel and the elements characteristic of the
exemplary embodiments are set forth with particularity in the
appended claims. The Figures are for illustration purposes
only and are not drawn to scale. The exemplary embodiments,
both as to organization and method of operation, may best be
understood by reference to the detailed description which
follows taken in conjunction with the accompanying draw-
ings in which:

[0007] FIG. 1 is a conventional 3D stack of semiconductor
wafers having TSVs.
[0008] FIG. 2A is a side view of a conventional semicon-

ductor substrate and FIG. 2B is a top view of a capture pad of
the semiconductor substrate of FIG. 2A.

[0009] FIG. 3A is aside view of an exemplary embodiment
of'a semiconductor substrate and FIG. 3B is a top view of a
capture pad of the semiconductor substrate of FIG. 3A.
[0010] FIGS. 4A to 4D illustrate a first exemplary method
for making the semiconductor substrate of FIGS. 3A and 3B.
[0011] FIGS. 5A to 5C illustrate a second exemplary
method for making the semiconductor substrate of FIGS. 3A
and 3B.

[0012] FIG. 6 is a top view of another exemplary embodi-
ment of a capture pad.

DETAILED DESCRIPTION

[0013] Referring to the Figures in more detail, and particu-
larly referring to FIG. 1, there is shown, for purposes of
illustration and not limitation, an implementation of a con-
ventional 3D stack 10 of semiconductor wafers 12 containing
a plurality of TSVs 14. Each semiconductor wafer 12 may
have a capture pad 16 for, for example, connecting one TSV
14 to another TSV 14. The TSVs 14 are usually filled with a
metal such as copper. There may be a joining material 18,
such as copper or solder, to electrically connect the TSV 14 to
the capture pad 16 on either end of the TSV 14. Each semi-
conductor wafer 12 may be joined to another semiconductor
wafer 12 by a bonding layer 20, which may consist of adhe-
sive or some other means not limited by the scope of this
invention. After the 3D stack 10 has been formed, it may be
diced into individual 3D stacks of semiconductor chips, each
of which may contain a plurality of TSVs 14.

[0014] While the capture pad 16 may be used to connect
one TSV 14 to another TSV 14, the capture pad 16 may also
be used to connect to another device such as an interposer or
a packaging substrate. There also may be additional wiring
layers (not shown) on the capture pad 16 before the capture
pad 16 connects indirectly to, for example, a solder ball which
in turn may connect to a packaging substrate.

[0015] Moreover, the capture pad 16 may be on the active
(device) side of the semiconductor wafer 12 or the inactive
(silicon) side of the semiconductor wafer.

[0016] Although the prior art example represented in FIG.
1 illustrates a multiplicity of wafers joined together, a 3D
stack may also comprise a multiplicity of semiconductor dies
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joined together. Wafer to wafer, or die to die, or die to wafer
joining may be accomplished by various means known to
those skilled in the art.

[0017] It should also be understood that while a TSV is
usually referred to as a “through silicon” via because it may
extend through a substrate comprising silicon, the TSV in fact
may extend through semiconductor materials that do not
include silicon. Even in this latter case, a TSV may still be
referred to by a person skilled in the art as a “through silicon
via” even though it may extend through semiconductor mate-
rials other than silicon. Alternatively, it may be referred to as
a “through semiconductor via”, a “through substrate via” or
more simply a “through via”.

[0018] FIGS. 2A and 2B illustrate a conventional capture
pad design. FIG. 2A illustrates a side view of a conventional
semiconductor substrate 200. Semiconductor substrate 200
may comprise a semiconductor material 202 having a TSV
204 extending through the semiconductor material 202. TSV
204 is an annular TSV having a cross section similar to that of
aring. A capture pad area 214 has been defined by insulation
206 and then a capture pad 208 has been formed so as to be in
contact with TSV 204. A top view of the capture pad 208 is
shown in FIG. 2B with the annular TSV 204 shown in phan-
tom. The capture pad 208 may be formed by depositing an
insulator material within the capture pad area 214 followed by
etching to remove most of the insulator, leaving insulator
islands 210. Thereafter, capture pad metal, such as copper, is
deposited to result in capture pad 208 comprising insulator
islands 210 within a matrix of metal 212.

[0019] The present inventors have found that the conven-
tional capture pad design shown in FIGS. 2A and 2B may
result in current crowding or high current density. The present
inventors have found that current crowding at the capture pad
interface may be the limiting factor for the current capacity of
the structure. Accordingly, the present inventors have pro-
posed an enhanced capture pad which reduces current crowd-
ing by enhancing current spreading.

[0020] Referring now to FIGS. 3A and 3B, there is shown
an exemplary embodiment. FIG. 3 A illustrates a side view of
semiconductor substrate 300. Semiconductor substrate 300
comprises a semiconductor material 302 having a TSV 304
extending through the semiconductor material 302. Any
semiconductor material may be used in the exemplary
embodiments. The semiconductor substrate 300 may be a
bulk semiconductor substrate or a semiconductor on insulator
substrate.

[0021] Inthe embodiment shownin FIGS. 3A and 3B, TSV
304 may extend to the inactive side of the semiconductor
substrate 300. For purposes of illustration and not limitation,
the top side of semiconductor substrate 300 may be the inac-
tive side shown in FIG. 3A. TSV 304 is an annular TSV and
has been recessed as indicated at 316. A capture pad area 314
has been defined by insulation 306 and then a capture pad 308
has been formed so as to be in contact with TSV 304. The
method of recessing the TSV 304 and forming the capture pad
308 will be discussed in more detail hereafter. A top view of
the capture pad 308 is shown in FIG. 3B. The appearance of
capture pad 308 is distinctly different from capture pad 208
(FIGS. 2A and 2B). While not wishing to be held to any
particular theory, it is believed by the present inventors that by
recessing the TSV 304, the radically different capture pad 308
may be obtained even though both capture pad 308 and cap-
ture pad 208 were lithographically printed and etched in the
same manner. While capture pad 308 contains insulator
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islands 310 within a matrix of metal 312, there is also a
portion 320 which corresponds to the outline of the TSV 304,
shown in phantom. Portion 320 is all metal and is devoid of
the insulator islands on the surface of portion 320 that are
present elsewhere on the capture pad 308.

[0022] An advantage of the exemplary embodiments is that
anenhanced capture pad is formed. In addition, because of the
recessed TSV 304, the capture pad 308 is self-aligned to the
TSV 304.

[0023] Referring now to FIGS. 4A to 4D, there is illustrated
a first method for recessing the TSV and forming the capture
pad of the exemplary embodiments. In FIG. 4A, there is
illustrated semiconductor substrate 400 comprising semicon-
ductor material 402 and having an annular TSV 404 formed
by conventional means. TSV 404 extends all the way to a
surface 412 of semiconductor substrate 400. For purposes of
illustration and not limitation, surface 412 may be the inactive
side of semiconductor substrate 400. The TSV 404 may be
filled with a metal such as copper.

[0024] Referring to FIG. 4B, semiconductor substrate 400
has been exposed to an etchant that is selective to the metal in
the TSV 404. If the TSV 404 is filled with copper, chemical
etchants such as cupric peroxide, ferric chloride, acetic per-
oxide may be used to recess the TSV 404 from surface 412 to
form recess 406. Any other etchant that etches copper may
also be used.

[0025] Thereafter, as shown in FIG. 4C, a capture pad area
408 may be defined by depositing an insulator layer 410, such
as an oxide, and then by a lithographic and etching process,
removing the insulator layer 410 where it is desired to have a
capture pad such as a copper capture pad. The insulator layer
410 that is deposited is of a conformal nature and it will follow
the topography of the upper most surface of FIG. 4B. Insula-
tor islands 416 remain within the capture pad area 408. It is
noted that insulator islands within recess 406 are below the
surface of insulator layer 410.

[0026] Referring now to FIG. 4D, copper is deposited, for
example by a plating process, to fill the recess 406, join with
the TSV 404 and form capture pad 414. The copper may
overflow the insulator islands 418 that are within the recess
406 so that the insulator islands 418 are buried within the
capture pad 414 and not visible at the surface of the capture
pad 414. A top view of capture pad 414 may have the con-
figuration shown in FIG. 3B.

[0027] Referring now to FIGS. 5A to 5C, there is illustrated
a second method for recessing the TSV and forming the
capture pad. In FIG. 5A, there is illustrated semiconductor
substrate 500 comprising semiconductor material 502 and
having an annular TSV 504 formed by conventional means.
The TSV 504 may be filled with a metal such as copper. It is
noted that the TSV 504 does not extend all the way to the
surface 512 of semiconductor substrate 500. For purposes of
illustration and not limitation, surface 512 may be the inactive
side of semiconductor substrate 500. Thus, TSV 504 is only
partially filled so as to leave a recess 506.

[0028] Referring to FIG. 5B, a capture pad area 508 may be
defined by depositing an insulator layer 510, such as an oxide,
and then by a lithographic and etching process, removing the
insulator layer 510 where it is desired to have copper. Insu-
lator islands 516 remain within the capture pad area 508.
Insulator islands 518 are within recess 506 and are below the
surface of insulator layer 510.

[0029] Referring now to FIG. 5C, copper is deposited, for
example by a plating process, to fill the recess 506, join with
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the TSV 504 and form capture pad 514. The copper may
overflow the insulator islands 518 that are within the recess
506 so that the insulator islands 518 are buried within the
capture pad 514 and not visible at the surface of the capture
pad 514. A top view of capture pad 514 may have the con-
figuration shown in FIG. 3B.
[0030] FIG. 6 illustrates a capture pad 600 that may be
made even if the underlying TSV is not recessed. In this case,
capture pad 600 has been lithographically printed and etched
to have islands 602 of insulator, for example, an oxide, within
a matrix 604 of metal such as copper. A center 608 of the
capture pad 600 aligns with a TSV 606 below the capture pad.
TSV 606 is shown in phantom since it is below the capture
pad 600. In the center 608 of the capture pad 600 that aligns
with the TSV 606, there are no insulator islands, only metal.
However, since the TSV 606 is annular and not solid, a central
portion 610 of capture pad 600 which does not overlie the
TSV 606 does contain insulator islands 602. If TSV 606 was
solid, the insulator islands 602 in central portion 610 would
not bethere. Contrary to the embodiments shown in FIGS. 4A
to 4D and 5A to 5C, there are no insulator islands 602 buried
underneath the surface of center 608.
[0031] In the exemplary embodiments, surfaces 412, 512
were chosen as the inactive sides of semiconductor substrates
400, 500 and the bottom surfaces were the active sides. Since
the capture pads of the exemplary embodiments may be on
the inactive sides or active sides of the semiconductor sub-
strates 400, 500, surfaces 412, 512 could also have been the
active sides of semiconductor substrates 400, 500.
[0032] An annular TSV (304, 404, 504, 606) has been
shown in the exemplary embodiments but it should be under-
stood that the exemplary embodiments are applicable to solid
TSVs as well.
[0033] The exemplary embodiments of the semiconductor
substrates described herein may be joined to other semicon-
ductor substrates to form three-dimensional semiconductor
structure.
[0034] It will be apparent to those skilled in the art having
regard to this disclosure that other modifications of the exem-
plary embodiments beyond those embodiments specifically
described here may be made without departing from the spirit
of'the invention. Accordingly, such modifications are consid-
ered within the scope of the invention as limited solely by the
appended claims.
What is claimed is:
1. A method of forming a capture pad on a semiconductor
substrate comprising:
providing a semiconductor substrate having an active side
and an inactive side and having a plurality of unfilled
through silicon vias (TSVs) extending between the
active side and the inactive side;
filling the TSVs with a metal;
defining capture pad areas on at least one of the active side
and the inactive side adjacent to the TSVs, the defined
capture pad areas comprising insulator islands and open
areas; and
filling the open areas with the same metal to form a capture
pad in direct contact with each of the TSVs, each of the
capture pads having an all metal portion devoid of the
insulator islands that follows an outline of each of the
TSVs and a mixed portion comprising insulator islands
dispersed in the metal.
2. The method of claim 1 wherein each of the capture pads
have a first portion in direct contact with the TSVs and a
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second portion away from the TSVs and in direct contact with
the first portion, the all metal portion being only in the second
portion of each of the capture pads.

3. The method of claim 1 wherein each of the capture pads
have a first portion in direct contact with the TSVs and a
second portion away from the TSVs and in direct contact with
the first portion, the all metal portion being in the first and
second portions of each of the capture pads so as to extend
entirely through each of the capture pads.

4. The method of claim 1 wherein the step of filling com-
prises filling the TSVs only partially with the metal so that the
TSVs are recessed with respect to the at least one of the active
side and the inactive side and wherein the step of filling the
open areas includes filling the recessed TSVs.

5. The method of claim 1 wherein the step of filling com-
prises filling the TSVs fully with the metal, further compris-
ing etching to recess the TSVs with respect to the at least one
of'the active side and the inactive side and wherein the step of
filling the open areas includes filling the recessed TSVs.

6. The method of claim 1 further comprising forming at
least one additional layer of material directly on the capture
pads.

7. The method of claim 1 wherein the capture pad is on the
active side of the semiconductor substrate.

8. The method of claim 1 wherein the capture pad is on the
inactive side of the semiconductor substrate.

9. The method of claim 1 wherein the metal comprises
coppet.

10. The method of claim 1 further comprising joining the
semiconductor substrate to at least one other semiconductor
substrate to form a 3-dimensional semiconductor structure.

11. A method of forming a capture pad on a semiconductor
substrate comprising:

providing a semiconductor substrate having an active side

and an inactive side and having a plurality of unfilled
through silicon vias (TSVs) extending between the
active side and the inactive side;

filling the TSVs with a metal;

defining capture pad areas on at least one of the active side

and the inactive side adjacent to the TSVs, the defined
capture pad areas comprising insulator islands and open
areas; and

filling the open areas with the same metal to form a capture

pad in direct contact with each of the TSVs, each of the
capture pads having a TSV outline portion that follows
an outline of each ofthe TSV, at least part of each of the
TSV outline portions being an all metal portion that
follows the outline of each of the TSVs.

12. The method of claim 11 wherein the TSV outline por-
tions have a first portion in direct contact with each of the
TSVs and a second portion away from each of the TSVs and
in direct contact with the first portion, the all metal portion
being only in the second portion of each of the capture pads,
the first and second portions being an entire thickness of each
of the capture pads.

13. The method of claim 11 wherein the TSV outline por-
tions have a first portion in direct contact with each of the
TSVs and a second portion away from each of the TSVs and
in direct contact with the first portion, the all metal portion
being in the first and second portions of each of the capture
pads so as to extend entirely through each of the capture pads.

14. The method of claim 11 wherein the step of filling
comprises filling the TSVs only partially with the metal so
that the TSVs are recessed with respect to the at least one of
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the active side and the inactive side and wherein the step of
filling the open areas includes filling the recessed TSVs.

15. The method of claim 11 wherein the step of filling
comprises filling the TSV fully with the metal, further com-
prising etching to recess the TSVs with respect to the at least
one of the active side and the inactive side and wherein the
step of filling the open areas includes filling the recessed
TSVs.

16. The method of claim 11 further comprising forming at
least one additional layer of material directly on the capture
pads.

17. The method of claim 11 wherein the capture pad is on
the active side of the semiconductor substrate.

18. The method of claim 11 wherein the capture pad is on
the inactive side of the semiconductor substrate.

19. The method of claim 11 wherein the metal comprises
coppet.



